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Content-based travel recommender systems suggest touristic attractions based on a best match between
users’ preferences and a given set of points of interests, called POIs for short. When designing such sys-
tems, a critical aspect is to equip them with a rich enough knowledge base that, for each POI, indicates
how much the POI is relevant for a set of possible topics of interests, also called TOIs for short. This paper
focuses on the problem of designing the Content Analyzer of a content-based travel recommender system.
The Content Analyzer is a module that receives as input a set of POIs and a set of TOIs and it computes
the relevance of each POI with respect to each TOL The proposed approach is unsupervised, fully auto-
matic, and it relies on publicly available sources of information. We describe an implementation of the
technique in a system called Cicero and present an experimental evaluation of its effectiveness against a

ground truth generated by experts.

© 2017 Published by Elsevier Ltd.

1. Introduction

Planning a trip by taking into account personal preferences of-
ten becomes a time-consuming and difficult task, given the over-
whelming amount of information available on a large variety of
digital sources (such as institutional web sites, travel blogs, travel
guides, etc.). A travel recommender system guides a tourist through
this large space of possible options by matching touristic and
leisure attractions (technically called Points of Interest, or POIs for
short) with traveler’s interests. As pointed out in an early work
of Staab et al. (2002) and in a more recent survey of Borras,
Moreno, and Valls (2014), the most common travel recommender
systems use a content-based approach, in which the user ex-
presses her needs by associating values to a set of attributes
and the system matches these needs with a given set of avail-
able POIs. As depicted in Fig. 1, the architecture of a content-
based travel recommender system consists of three main mod-
ules: a Content Analyzer, a Profiler, and a Matching Module. The
Content Analyzer gathers information from various sources and it
computes a suitable description of the POIs that is stored in a
Knowledge Base. The Profiler constructs users’ profiles by collect-
ing and analyzing data representative of their interests. The Match-
ing Module outputs a travel recommendation, i.e., a ranked list of
those POIs that are most suitable for the users’ profiles. A lim-
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ited list of content-based travel recommender systems includes,
for example, (Brilhante, Macedo, Nardini, Perego, & Renso, 2015;
Cenamor, de la Rosa, Naiflez, & Borrajo, 2017; Gyorddi, Gyorodi,
& Dersidan, 2013; Huang & Bian, 2009; Lee, Chang, & Wang,
2009; Lim, Chan, Leckie, & Karunasekera, 2015; Martinez Santiago,
Ariza Lépez, Montejo-Raez, & Urefia Lépez, 2012; Montejo-Raez,
Perea-Ortega, Garcia-Cumbreras, & Martinez-Santiago, 2011; Ruot-
salo et al., 2013; Vansteenwegen, Souffriau, Berghe, & Oudheusden,
2011).

We focus on the widely adopted keyword-based vector space
model to represent users’ profiles and POIs’ descriptions (de Gem-
mis, Lops, Musto, Narducci, & Semeraro, 2015). According to this
model, the POIs’ description and the users’ profiles are represented
as two vectors in an n-dimensional space, where each dimension
corresponds to a Topic of Interest, or TOI for short. A TOI is a key-
word, that describes a subject on which a traveler can find inter-
esting attractions in the region; examples of TOIs could be History,
Religion, Art, and so on. The travel recommendation is then com-
puted by means of a suitable matching technique between these
two vectors. For example, suppose that the profile of a tourist
in Rome defined on the TOIs History, Religion, and Art has higher
scores on History, then the Matching Module will return a list
of POIs where the Colosseum and the Roman Forum are ranked
higher than the National Gallery of Modern and Contemporary Art.

A critical aspect in the design of an effective content-based
travel recommender system is to create a rich enough Knowl-
edge Base with a suitable description of a large set of POIs. The
description of a POI in the Knowledge Base should encode how
much this POI is relevant for the set of TOIs presented to the user.
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Fig. 1. High level architecture of a content-based travel recommender system.

Obtaining such a description for each POI often relies on a manual
classification which is an expensive task (see, e.g., Batet, Moreno,
Sanchez, Isern, and Valls (2012); Gavalas et al. (2015); Gavalas and
Kenteris (2011); Lim et al. (2015); Lucas et al. (2013); Martinez
Santiago et al. (2012); Meehan, Lunney, Curran, and McCaughey
(2013); Savir, Brafman, and Shani (2013); Umanets, Ferreira, and
Leite (2014); Vansteenwegen et al. (2011)). Also, if the list of TOIs
changes, a different description for the POIs may be needed. Thus
the maintenance of these systems is an expensive task and it may
become particularly critical in those contexts where territorial pol-
icy makers want to offer their tourists TOIs that vary based on
available seasonal attractions and events. For example, suppose
that in a certain period there is a special event in a region, such
as a music festival; a regional policy maker can decide to intro-
duce the new TOI Music in the system so that tourists who visit
the region because of the festival will find POIs that are particu-
larly interesting for them.

This paper focuses on the design of the Content Analyzer for a
travel recommender system. Motivated in part by a research grant
of the Umbria Region of Italy' (see also Binucci, Didimo, Liotta,
Montecchiani, & Sartore (2013)), we study the following problem:
Given a geographic region R and a set of TOIs (defined by a policy
maker who wants to promote the touristic attractions of a terri-
tory), compute the relevance of the POIs in R with respect to the
given TOIs. We propose a graph-based algorithmic method specifi-
cally tailored for the context of a travel recommender system and
we embed such method in a content analyzer called Cicero?. The
main features of Cicero are as follows.

e Cicero receives as input a region R and a set of TOIs T =
{ti,ty, ..., tn}; it retrieves a set of POIs P = {py, py,..., pm} in
region R and it computes as output a description for each POL
The description of a POI p; € P is an array whose j-th element
is a numeric value in the range [0, 1] that represents the rele-
vance of p; with respect to TOI ¢;.

e The computation of the descriptions of the POIs is unsuper-
vised and automatic. Since it is unsupervised, it does not re-

1 POR-FESR Project “TRART: Telematic Representation-Augmented Reality-
Territories”.
2 http://www.felicedeluca.com/cicero/.

quire a training set of reliable data, which can be difficult to
obtain. The fact that it is automatic allows us to handle large
geographic regions with thousands of POIs, for which a manual
assignment would be impractical or too expensive.

Cicero relies on publicly accessible Web resources and does not
use an ontology. Ontologies are often used to represent (and
reason about) the tourism domain knowledge (see, e.g., Castillo
et al. (2008); Lee et al. (2009); Moreno, Valls, Isern, Marin, and
Borras (2013); Ruotsalo et al. (2013); Wang, Zeng, and Tang
(2011)). However, ontologies for travel recommender systems
are typically designed ad-hoc and built manually, which can
be a time-consuming and labor-intensive task. Instead, the pro-
posed technique computes a description of each POI by ex-
ecuting a shortest path algorithm on a suitable concept net-
work that is extracted by automatically crawling Wikipedia®
and OpenStreetMap®.

The rest of this paper is organized as follows. A critical discus-
sion about the main differences and similarities between the ap-
proach of Cicero and existing literature in the areas of travel rec-
ommender systems and of semantic technologies can be found in
Section 2. In Section 3 we present a reference architecture upon
which we designed and implemented our system. In Section 4 we
discuss the main principles and methods behind Cicero. We de-
scribe how public encyclopedic sources can be used to construct
a network of concepts that is then exploited to compute the de-
scriptions of the POIs with respect to the given TOIs. To have an
indication about the effectiveness of the proposed techniques, in
Section 5 we:

1. Use Cicero to create a concept network for two Italian touris-
tic cities, namely Rome and Perugia; the network is computed
with respect to three popular TOIs that are particularly relevant
for the two chosen cities, namely Art, History, and Religion.

2. Evaluate some structural properties of the created network that
affect the effectiveness and the efficiency of our approach.

3. Use the network to create a Knowledge Base and compare the
results against a ground truth defined by professional touris-
tic guides and experts of the two cities. While for their sizes
and number of available POIs the two chosen cities have differ-
ent characteristics, the experimental analysis suggests that the
algorithmic technique behind Cicero can be effective in both
scenarios.

4, Realized a proof-of-concept implementation of a content-based
recommender system that uses the computed Knowledge Base.

Finally, conclusions and future research directions are discussed
in Section 6.

2. Related Work

The research in this paper naturally relates with both the liter-
ature about (travel) recommender systems and the literature about
semantic relatedness analysis. In this section we briefly recall some
of the most relevant references of these research areas and spend a
few more words about those contributions that adopt an approach
similar to ours.

Several travel recommender systems have been described in
the literature; as already pointed out in Section 1, the majority
of them (see, e.g.,, Brilhante et al. (2015); Cenamor et al. (2017);
Gyorodi et al. (2013); Huang and Bian (2009); Lee et al. (2009);
Lim et al. (2015); Martinez Santiago et al. (2012); Montejo-Raez
et al. (2011); Ruotsalo et al. (2013); Vansteenwegen et al. (2011))

3 https://www.wikipedia.org/.
4 https://www.openstreetmap.org/.
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